While the re-establishment of grizzly bears (Ursus arctos) and wolves (Canis lupus) in the American West marks a success for conservation, it has been contentious among pastoralists. Coincidentally, livestock guarding dogs (LGDs; Canis familiaris) have been widely adopted by producers of domestic sheep (Ovis aries) in the United States to mitigate livestock depredation by wild carnivores. We surveyed pastoralists to measure how experience with and attitudes towards LGDs related to attitudes towards livestock predators, and found positive responses regarding LGDs and negative responses regarding wolves and grizzly bears. The more respondents agreed that LGDs reduce the need for lethal management (p < 0.01) and prevent the spread of disease (p < 0.05), the more positive their opinion of wolves in the wild. Regarding wolves and livestock, respondents who disagreed with the statements that "LGDs do more harm than good" (p < 0.05) or "reduce the need for lethal management" (p < 0.001), were more likely to express more negative opinions of wolves. While results pertaining to a reduced need for lethal management may suggest LGDs have some ability to increase tolerance for wolves, the causal order of these effects is difficult to discern. A more positive attitude for wolves to begin with may predict more optimistic attitudes about the capacity of LGDs to reduce human-wildlife conflict. We found almost no support for the opinion that LGDs do more harm than good, even though attitudes towards wolves were generally negative. Respondents with up to 10 years' experience using LGDs had more negative attitudes towards grizzly bears (p < 0.01) and respondents with more than 10 years' experience using LGDs had the most negative attitudes towards grizzly bears (p < 0.001). Thus, while experience was the greatest predictor of attitudes towards grizzly bears, attitudes towards wolves were most correlated with the belief that LGDs offset the need for lethal management of carnivores. These results suggest that LGD use in the United States does not seem to have resulted in more positive attitudes about livestock predators amongst pastoralists.
Introduction
L arge carnivores are unique among other animals in terms of their ability to elicit strong emotions; they can be a contentious socioecological issue (Shivik, 2006; Gehring et al., 2010) . While the reintroduction of gray wolves (Canis lupus) and the re-establishment of grizzly bears (Ursus arctos) in the Northern Rocky Mountains of the United States (US) marked a success for conservationists, it also raised real and perceived concerns of risk among many pastoralists who cope with livestock depredation by wolves and grizzly bears (USDA, 2015) . Lethally managing carnivores to reduce livestock depredations is commonly used (Fritts et al., 2003; Bradley et al., 2015) but socially unpopular (Bergstrom, 2017; Slagle et al., 2017) , questionable in its effectiveness (Berger, 2006) , and not as broadly applicable for species of concern like wolves and grizzly bears due to Federal endangered species protections. These factors may partially explain the rapid adoption of non-lethal tools, such as livestock guarding dogs (LGDs; also known as livestock guardian dog, livestock guard dog, and livestock protection dog), as a means of reducing livestock depredations in North America (Gehring et al., 2010) .
LGDs are domestic dogs (Canis familiaris) of a few dozen breeds that have been bred and trained to protect livestock from depredation, injury, and theft.
LGDs are effective at reducing depredations by a suite of carnivores, including coyotes (Canis latrans; Andelt and Hopper, 2000) , dingoes (C. lupus dingo; van Bommel and Johnson, 2012), black bears (Ursus americanus; Smith et al., 2000) , and cheetahs (Acinonyx jubatus; Marker et al., 2005) . LGD effectiveness at reducing depredations from other large North American carnivores, such as wolves, grizzly bears, and cougars (Puma concolor), has been suggested but not empirically tested (but see Kinka and Young, 2019) .
LGDs enjoy a rich tradition in European history that dates back at least 5000 years (Smith et al., 2000; Rigg, 2001; Coppinger and Coppinger, 2002; Gehring et al., 2010) but were first imported to the US in the 1970s as a substitute for lethal predator control outlawed by the Endangered Species Act (Feldman, 2007) . Since that time, the use of LGDs as a non-lethal management tool for reducing livestock depredations has been widely adopted by domestic sheep producers in the US because they are one of the few nonlethal management techniques that reduce domestic sheep (Ovis aries) depredations (Andelt and Hopper, 2000; Smith et al., 2000; Hansen et al., 2002; van Bommel and Johnson, 2012; and provide long-term results (Shivik, 2006) , despite some recent evidence to the contrary (Eklund et al., 2017) . With the reintroduction of wolves to the Rocky Mountains and the recovery of other large carnivore populations, new breeds of
LGDs are being introduced in the US for use deterring large predators as well (Kinka and Young, 2018) .
One aspect of LGD use that has gone largely unstudied is whether their use mediates pastoralists' tolerance for livestock predators. For instance, Rust et al. (2013) detected an increase in reported tolerance for cheetahs in 11 of 14 South African farmers after they began using LGDs. Other studies have evaluated the perceived effectiveness of LGDs, and while they were able to show that LGDs were perceived to be highly effective or moderately effective, they did not test for a mediating effect of LGDs on tolerance for large carnivores Scasta et al., 2017) . There have also been a number of studies on human attitudes towards large carnivores that do not address LGDs (Suryawanshi et al., 2013; Dressel et al., 2014; Young et al., 2015; Berry et al., 2016; Knopff et al., 2016; . For instance, encounter rate is the strongest predictor of perceived depredation risk from wolves (Suryawanshi et al., 2013) , while willingness to adopt non-lethal management strategies and coexist with wolves is correlated with length of exposure and experience with wolves (Young et al., 2015) . However, some of these studies lack a well-developed framework for assessing tolerance of large carnivores, failing to incorporate psychosocial theory on how attitudes arise and persist (Kalberg, 1980; Fishbein and Ajzen, 2009; Zajac et al., 2012; Bruskotter and Wilson, 2013; Slagle et al., 2012 Slagle et al., , 2013 . Thus, there is a need for research on how non-lethal management tools like LGDs do or do not affect attitudes towards large carnivores that is robust enough to draw on existing theories about tolerance.
We set out to measure experience with LGDs and perceptions about their effectiveness to determine if they are positively correlated with attitudes towards large carnivores. Our target populations was individuals in pastoralist communities of the Northern Rocky Mountains who would be familiar with LGD use and livestock depredation from large carnivores. While reducing depredations has generally been the focus of LGD research, the human dimensions of LGD use are also important in predicting the adoption of best management practices for LGDs, and whether or not management tools can influence acceptance of large, wild carnivores. To the extent that perceptions of LGDs are correlated with tolerance for wolves and grizzly bears, LGDs may play an important role in conservation of large carnivores. To test the hypothesis that positive attitudes towards LGDs among pastoralists predict more positive attitudes about wolves and grizzly bears, we developed a survey to gauge participants' attitudes towards all three. We modeled survey questions loosely around a Hazard-Acceptance model for tolerance of large carnivores Slagle, 2016) . The Hazard-Acceptance model assumes that attitudes towards wildlife are influenced by perceptions of risk and benefit associated with a species, and that those perceived risks and benefits are determined by whether a person feels they can control threats from that species, whether they trust management agencies, and their emotional reaction to the species Slagle, 2016) . However, we centered our analysis on determining how experience with and attitudes towards LGDs correlate with general attitudes towards large carnivores. Rather than strictly defining attitude towards wolves and grizzly bears, we used factor analysis to identify underlying metrics of attitudes based on grouping responses to our survey, and then used a series of questions related to LGDs to model those underlying composite metrics in a linear regression framework. While the results may not directly address whether LGDs temper pastoralists' acceptance of risks imposed by large carnivores, our findings provide generalizable lessons on how the use of non-lethal management tools and the belief in their efficacy (broadly defined) relates to general attitudes towards large carnivores.
Methods
Survey methods. We developed a 113-question survey, loosely based around a Hazard-Acceptance framework of human tolerance for wildlife Slagle, 2016) , and designed to compare respondents' attitudes towards LGDs, wolves, and grizzly bears. Some questions were adapted from other surveys of large carnivores that also employed a Hazard-Acceptance model of tolerance (Zajac et al., 2012; Slagle et al., 2012) . The initial portion of the survey consisted of questions related to participants' experience with livestock and LGDs and was designed to help correlate attitudes with experience and exposure to livestock (sheep and cattle), LGDs, wolves, grizzly bears, and other common livestock predators. Respondents were also asked to answer demographic questions at the end of the survey. The majority of the survey questions gauged attitudes and perceptions and consisted of three sections concerning wolves, grizzly bears, and LGDs, respectively. Questions in the wolf and grizzly bear sections were designed to assess attitudes towards each species relative to tolerance. Questions in the LGD section were designed to assess attitudes towards LGDs specific to their usefulness. Two questions asked participants to evaluate the size of the wolf and grizzly bear populations in their state on a 3-point Likert scale (i.e., too small, appropriate, too large; Likert, 1932) . All other questions in these three sections asked participants to rank their level of concurrence with a statement on a 5-point Likert scale (i.e., strongly disagree, somewhat disagree, neither agree or disagree, somewhat agree, strongly agree). The wolf and grizzly bear sections consisted of 33 nearly identical questions with only the name of the subject animal changed. The only exception was question 24, which in the wolf section asked about the appropriateness of reintroduction of wolves, and in the grizzly bear section asked about the appropriateness of continued Federal management. The LGD section consisted of 22 questions. The full survey document is available as supplementary material.
The survey was pre-tested by university graduate students to examine question clarity, subject relevance, general flow, and approximate completion time (Dillman et al., 2014) . It was translated into Spanish with help from a bilingual technician and proofread by two native speakers for clarity. The Institutional Review Board for the protection of human participants at Utah State University approved the survey for distribution (Protocol #6001). The survey was formatted for distribution as part of a printed packet that could be distributed by mail or in-person and returned anonymously via an included pre-paid return envelope. No compensation was offered for participation in the study.
Our primary focus was to survey individuals in pastoralist communities of the Northern Rocky Mountains who would be familiar with LGD use and livestock depredation from large carnivores. However, as a pseudo-control on exposure to wolves and grizzly bears while grazing livestock we also solicited responses from individuals in pastoralist communities outside of wolf and grizzly bear habitat. The survey was initially distributed to sheep producers in Idaho, Montana, Oregon, Wyoming, and Washington with whom the authors had been collaborating on a separate study of LGD effectiveness Young, 2018, 2019) . We invited approximately 20 livestock operators, their spouses, and their employees to consider participating in the survey. Then, through a snowball sampling methodology, we asked these rancher collaborators and other collaborators with USDA Wildlife Services to solicit interest in the survey amongst their community. Surveys were also distributed at livestock association meetings, non-lethal management workshops conducted by the USDA's Wildlife Services, and at the conference of the Western Section of the Wildlife Society's annual conference in Reno, NV, USA. In total, the survey was disseminated to 234 individuals between 2014 and 2017. The survey response rate was calculated as the number of completed surveys divided by the initial number of surveys disseminated. To minimize non-response bias amongst our collaborators we continually reminded them in person to complete and return the survey, if they had not already done so. In addition, we sent multiple, mixed-media reminders to our collaborators.
Statistical analyses. Because of our small sample, we chose to examine only a subset of the questions in the wolf, grizzly bear, and LGD sections of the survey deemed most relevant to the current investigation of attitudes towards wolves, grizzly bears, and
LGDs (Tables 1-3) . We analyzed these subsets of the wolf, grizzly bear, and LGD sections of the survey using exploratory maximum-likelihood factor analysis. We used parallel analysis to calculate the number of interpretable factors that should be extracted. Varimax rotation, which is used to align factors so that there are a small number of variables highly loaded on each factor, was used to identify how the survey questions in each section grouped based on participants' responses. That is, only questions with loadings ≥|0.500| were selected for use as components of a composite measure of attitudes towards wolves and grizzly bears in our linear modeling exercise. We used Cronbach's Respondents ranked their level of concurrence with each of the following statements along a 5-point Likert scale (i.e., strongly negative, somewhat negative, neither positive nor negative, somewhat positive, strongly positive) except for the second statement which was ranked on a 3-point Likert scale (i.e., too small, appropriate, too large). Mean response, standard deviation (SD), and number of respondents (n) are shown for each question, along with factor loadings determined from maximum-likelihood exploratory factor analysis. The responses to question in italics were reverse coded before factor analysis. Loadings <|0.300| are hidden for clarity. Cronbach's α is shown for each factor, which includes only those questions which mapped most strongly onto the factor (in bold α coefficient to assess the internal reliability of these composite measures. Responses to the selected questions were reverse coded if necessary, averaged within each factor and carried forward as dependent variables in linear regression analyses. Factor analysis of questions in the LGD section of the survey were used to inform our choice of predictor variables in subsequent linear regression modeling. Candidate predictor variables in the linear regression models were chosen based upon relevance to the question of whether or not attitude towards LGDs predicts attitudes towards wolves or grizzly bears and how questions clustered during factor analysis. To avoid collinearity in our models, we selected only
LGD questions with distinct factor loadings, to ensure that each question addressed a specific component of attitudes towards
LGDs. Unlike for wolves and grizzly bears, instead of using factor analysis to generate a composite metric for attitudes towards
LGDs, we chose the single LGD question with the highest loading on each factor (Table 3) as a predictor variable in linear regression. Thus, LGD questions 1 or 2, 9, 12-14 (Table 3) were used as predictor variables in all linear modeling exercises. In addition, we identified five questions from the experience section of the survey we believed might influence participants' attitudes towards wolves or grizzly bears (Table 3) . For LGD and experience questions relating specifically to either wolves of grizzly bears, only the question relating to the same species as the dependent Respondents ranked their level of concurrence with each of the following statements along a 5-point Likert scale (i.e., strongly negative, somewhat negative, neither positive nor negative, somewhat positive, strongly positive) except for the second statement which was ranked on a 3-point Likert scale (i.e., too small, appropriate, too large). Mean response, standard deviation (SD), and number of respondents (n) are shown for each question, along with factor loadings determined from maximum-likelihood exploratory factor analysis. The responses to question in italics were reverse coded before factor analysis. Loadings <|0.300| are hidden for clarity. Cronbach's α is shown for each factor, which includes only those questions which mapped most strongly onto the factor (in bold). Questions with factor loadings <|0.500| were not used to calculate Cronbach's α. Note that question G2 loaded approximately equally onto both factors Mean response is shown for questions with continuous response options, and mode is shown for categorical responses. Standard deviations (SD) are shown for questions with continuous response options, along with factor loadings determined from maximum-likelihood exploratory factor analysis. Number of respondents (n) is shown for each question. The responses to question in italics were reverse coded before factor analysis. Loadings <|0.300| are hidden for clarity. Cronbach's α is shown for each factor, which includes only those questions which mapped most strongly onto the factor (in bold). Questions with factor loadings <|0.500| were not used to calculate Cronbach's α a None, less than 1, 1-5, 6-10, 10 or more b Never, at least once a year, at least once a month, at least once a week, at least once a day c Strongly disagree, somewhat disagree, neither or agree or disagree, somewhat agree, strongly agree ARTICLE PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-019-0325-7
variable was included in the model (Tables 4-7) . We considered all combinations of predictor variables to be relevant before running analyses, and therefore included all combinations of predictors as candidate models. Analyses were performed using the 'psych' package (Revelle, 2017) and 'lm' function available in R version 3.3.2 (R Core Team, 2016). Model selection for fixed effects was conducted using Akaike's Information Criterion for small samples.
Results
Survey. We distributed 234 surveys and 50 were returned for a response rate of 21.4%. Of that total, 45 participants responded using the English-language survey (out of 203 distributed) and 5 participants responded using the Spanish-language (out of 31 distributed). Thirty-three of the respondents reported as male and 16 female; one did not respond to the question. Most respondents (n = 16) reported as being between 56 and 65 years of age. The typical respondent had at least a bachelor's degree (n = 20) and earned between $50,000 and $99,999 per year (n = 21), of which 75-100% came from livestock (n = 14). Of the 46 participants who responded to the wolf encounter question, 35% of respondents (n = 16) reported encountering wolves while grazing livestock at least once a year, with an additional 13% (n = 6) encountering wolves at least once a month. The rest (52%) reported never encountering wolves. Losing livestock to wolves was less common than encountering them, with 21% (n = 9) of the 43 participants who responded to the wolf depredation question reporting losing livestock to wolves at least once a year, and an additional 9% (n = 4) reporting losing livestock to wolves at least once a month. The rest (70%) reported never losing livestock to wolves. Experience with grizzly bears was less common than for wolves. Four percent of respondents (n = 2) reported encountering grizzly bears while grazing livestock at least once a year, with an additional 4% (n = 2) encountering grizzly bears at least once a month. The rest (92%) reported never encountering grizzly bears. Four percent of respondents (n = 2) reporting losing livestock to grizzly bears at least once a year, and an additional 2% (n = 1) reporting losing livestock to grizzly bears at least once a month. The rest (94%) reported never losing livestock to grizzly bears.
Factor analysis. Results of parallel analyses used to calculate the number of interpretable factors that should be extracted from each question set indicated that three factors could be identified in the wolf question set, and two each in the grizzly bear and LGD question set. Although questions were nearly identical for wolves and grizzly bears, respondents' answers clustered slightly differently by species in factor analysis (Tables 1 and 2) . For wolves, we identified three distinct factors (Table 1) . Seven questions loaded strongly onto the first factor identified for wolves (i.e., ≥|0.500|), four on the second, and two on the third. With the exception of wolf question six and perhaps seven (W6 and W7, Table 1 ) all of the wolf questions with strong loadings on the first factor reference wolves in the wilderness, including how they interact with hunters (µ = −0.61, SD = 0.96, α = 0.87; Table 1 ). The second wolf factor is comprised largely of questions which reference how wolves interact with livestock, ranching, and ranchers (µ = −1.01, SD = 0.93, α = 0.82; Table 1 ). The third wolf factor was comprised of two questions that reference revenue generated from wolves (α = 0.82; Table 1 ). We used raw averages of rankings in wolf factors one and two as dependent variables in linear modeling.
Factor loadings for grizzly bear questions had two salient factors emerge (Table 2) . Six questions loaded strongly onto the first factor (i.e., ≥|0.500|), all of which reference grizzly bears in the wilderness, including how they interact with hunters (µ = −0.18, SD = 0.89, α = 0.84; Table 2 ). Five other grizzly bear questions loaded heavily onto a second factor, all of which reference how grizzly bears interact with livestock, ranching, and ranchers, except grizzly bear question 2 (G2, Table 2 ) which loaded nearly equally on both factors and seems to be more logically associated with the first factor (µ = −0.58, SD = 1.20, α = 0.90; Table 2 ). We used raw averages of scores in grizzly bear factors one and two as dependent variables in linear modeling.
Factor loadings for LGD questions had two salient factors emerge (Table 3) . Eight questions loaded onto the first factor (i.e., ≥|0.500|), all of which have to do with LGDs' usefulness to pastoralists (α = 0.91). Only one question loaded onto the second LGD factor at a significant threshold (≥|0.500|), which asked participants to weigh whether they thought LGDs did more harm than good. Three other LGD questions did not load significantly on to either LGD factor (L12-L14; Table 3 ), nor are they related to one another (α = 0.12).
Linear regression models. For the model set related to the first wolf factor, both top models (i.e., ΔAICc ≤ 2.0) indicate that level of concurrence with LGD questions 13 and 14 (L13 and L14, Table 3 ) is predictive of more positive attitudes toward wolves (Table 4 ). That is, the more respondents agreed that LGDs reduce the need for lethal management (p < 0.01) and prevented the spread of disease (p < 0.05), the more positive their opinion of wolves. For the model set related to the second wolf factor, all four top models (i.e., ΔAICc ≤ 2.0) indicate that level of concurrence with LGD questions 9 and 13 (L9 and L13, Table 3 ) is predictive of more positive attitudes toward wolves (Table 5) . That is, the more respondents agreed that LGDs do more harm Results are shown as coefficient values with standard error shown in parentheses below. The dependent variable in all models was a composite measure of general attitude for wolves, composed of an average of scores for six survey questions about wolves that loaded on to a single factor with a loading of |0.500| or more. The factor upon which all questions comprising the dependent variable loaded is best described as "wolves in the wild" *p < 0.05, **p < 0.01 PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-019-0325-7 ARTICLE PALGRAVE COMMUNICATIONS | (2019) 5:117 | https://doi.org/10.1057/s41599-019-0325-7 | www.nature.com/palcomms than good (p < 0.05) and reduce the need for lethal management (p < 0.001), the more positive their opinion of wolves.
For grizzly bear factor one, we identified seven top models (ΔAICc ≤ 2.0), but only LGD question 12 (L12, Table 3 ) was a significant predictor of attitudes towards grizzly bears (p < 0.05), and only in the second highest ranking model (Table 6 ). For grizzly bear factor two, nine top models were identified (Table 7) . However, only experience question 1 (E1, Table 3 ) was a significant predictor of attitudes towards grizzly bears. Consistently across all nine top models, respondents with up to 10 years' experience using LGDs had more negative attitudes towards grizzly bears on this metric (p < 0.01) and respondents with more than 10 years' experience using LGDs had the most negative attitudes towards grizzly bears (p < 0.001; Table 7 ).
Discussion

While
LGDs may effectively deter small livestock predators (Gehring et al., 2010) , experience using LGDs alone does not temper pastoralists' attitudes about large predators of livestock.
General attitudes about
LGDs (i.e., L7, Table 3 ) and opinions about their usefulness (i.e., L5 and L6, Table 3 ) were largely positive amongst our respondents, but the metric we chose to represent general attitude towards LGDs (i.e., L1 or L2) did not predict attitudes towards large carnivores (Tables 4-7) . The LGD perceptions which significantly predicted attitudes towards wolves concerned lethal removal of predators (i.e., L13, Tables 4 and 5), spread of disease (i.e., L14, Tables 4 and 5), and overall benefits (i.e., L9, Table 5 ). For grizzly bears, the only LGD question which significantly predicted attitude referenced reliance on government agencies (i.e., L12, Table 6 ), and only in the second highest ranked model.
While these results may suggest
LGDs have some ability to increase tolerance for wolves and grizzly bears, the causal order of these effects is difficult to discern. It may be that a more positive attitude for wolves and grizzly bears to begin with predicts a more optimistic attitudes about LGDs and their capacity to reduce human-wildlife conflict and, more specifically, reduce the need for lethal management of large carnivores. The strongest Table 5 Model results for all linear models of attitudes towards wolves with ΔAICc ≤ 2.00 (n = 36) Top Wolf Attitude Models, Factor 2-"wolves and livestock" Global Model: lm(Wolf Factor 2~E1 + E2 + E4 + L1 + L9 + L12 + L13 + L14) Results are shown as coefficient values with standard error shown in parentheses. The dependent variable in all models was a composite measure of general attitude for wolves, composed of an average of scores for six survey questions about wolves that loaded on to a single factor with a loading of |0.500| or more. The factor upon which all questions comprising the dependent variable loaded is best described as "wolves and livestock" * p < 0.05, *** p < 0.001 Table 6 Model results for all linear models of tolerance for grizzly bears with ΔAICc ≤ 2.00 (n = 32)
Top Grizzly Bear Attitude Models, Factor 1-"grizzly bears in the wild" Results are shown as coefficient values with standard error shown in parentheses. The dependent variable in all models was a composite measure of general attitude for wolves, composed of an average of scores for six survey questions about wolves that loaded on to a single factor with a loading of |0.500| or more. The factor upon which all questions comprising the dependent variable loaded is best described as "grizzly bears in the wild" * p < 0.05 ARTICLE PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-019-0325-7 predictor of both composite metrics of attitudes towards wolves was level of concurrence with the statement "livestock guardian dogs reduce the need for lethal removal of predators." Interestingly, this statement has as much to do with LGDs as respondents' general feelings towards lethal management. That is, a respondent might feel that, while
LGDs are a very effective tool (which was the general pattern in our data), their purpose is not to replace or reduce the need for lethal management, nor is that a relevant measure of LGD efficacy. So, to suggest that believing
LGDs reduce the need for lethal management of wolves is predictive of more positive attitudes towards wolves may be the tail wagging the dog (although this should be tested explicitly). Surprisingly, using LGDs for any length of time predicted more negative attitudes towards grizzly bears. Using LGDs for up to 10 years significantly predicted more negative views of grizzly bears (compared to no use of LGDs), and more than 10 years' experience with LGDs predicted even more negative attitudes towards grizzly bears. We did not find the same effect for wolves. Viewed as a proxy of experience dealing with livestock predators, length of time using LGDs may corroborate other findings that attitudes towards predators deteriorate after prolonged exposure to them (Dressel et al., 2014) , even though length of exposure is also correlated with self-reported acceptance and interest in coexistence (Young et al., 2015) . Encounter rate by pastoralists (i.e., how often a rancher or shepherd encounters wolves) has been shown to be the strongest predictor of perceived risk from wolves (Suryawanshi et al., 2013) , but we did not find it to be a significant predictor of attitudes toward wolves or grizzly bears in this study. Nor did actual experience losing livestock to wolves or grizzly bears significantly predict participants' attitudes towards those carnivores. That actual experience losing livestock to large carnivores did not significantly predicted a more negative attitudes is somewhat surprising. We would assume that pastoralists' who regularly lose livestock to large carnivores would view them more negatively (Suryawanshi et al., 2013 (Suryawanshi et al., , 2014 Dressel et al., 2014; . However, this may simply be an artifact of how rare the experience of losing livestock to wolves or grizzly bears was amongst our respondents. In fact, the majority of respondents did not have losses to these carnivores; only 6% of respondents reported losses to grizzly bears and 30% reported losses to wolves. Populations of both wolves and grizzly bears continue to expand in this area, so more livestock depredation is likely. This evolving scenario may alter attitudes in the future.
Interestingly, despite how strongly politicized wolves have become in the Northern Rocky Mountains (relative to grizzly bears) (Wilson, 1997; Mech, 2012; Berry et al., 2016) , respondents' answers to wolf and grizzly bear questions mapped onto very similar dimensions in factor analysis. With the exception of two questions (W11, Table 1; and G2; Table 2 ), responses for each species seemed to map clearly and consistently along at least two factors, the first strongly associated with wolves and grizzly bears in the wilderness, including how they interact with hunters (e.g., W5, Table 1 ; and G5, Table 2 ) and the second having more to do with the practicality and economics of raising livestock alongside Table 7 Model results for all linear models of tolerance for grizzly bears with ΔAICc ≤ 2.00 (n = 36) Top Grizzly Bear Attitude Models, Factor 2-"grizzly bears and livestock" Global Model: lm(Grizzly Bear Factor 2~E1 + E3 + E5 + L2 + L9 + L12 + L13 + L14) Table 2 ). A third factor, relating to revenue-generation (i.e., W12 and W13, Table  1 ; and G12 and G13, Table 2 ) also emerged for wolves and may have for grizzly bears with more data, but we chose not to investigate the latent factor for wolves to maintain consistency in our analysis of the two large carnivore species and because revenue generation involves many other factors and beliefs outside this scope of this study. Respondents seemed to be able to readily differentiate their beliefs about wolves and grizzly bears as abstract components of wilderness and natural systems, and as tangible threats to pastoralism and intersecting areas of wilderness and anthropogenic utilization. While average responses to both composite metrics for wolves and grizzly bears were negative, average responses to the wolf and grizzly metric regarding livestock were both lower than for the metrics related to wild systems. While one LGD question was a significant predictor of both composite metrics of attitudes towards wolves (i.e., L13, Table 3 ), and the most predictive of wolf attitudes overall, the predictors of the two composite grizzly bear metrics were largely dissimilar. Thus, LGDs seem to have a similar impact on pastoralists' views of wolves (in the wild or livestock predators), while
LGDs and their use are linked to attitudes towards grizzly bears in different ways depending on context.
LGDs have been shown to be effective and reduce depredations from many different carnivores, although little empirical evidence exists for wolves and grizzly bears (Gehring et al., 2010; van Bommel and Johnson, 2012; Kinka and Young, 2019) . Even so, increasing tolerance for wolves and grizzly bears, especially among pastoralists, may be a task LGDs are poorly suited for. Consider, for instance, practical versus substantive threat (Kalberg, 1980) . Generally more objective and easier to quantify, practical threats from wolves and grizzly bears would include livestock depredation. These threats are easily understood (Muhly and Musiani, 2009 ) and direct action can be taken to try and mitigate them using tools such as LGDs (Gehring et al., 2010; van Bommel and Johnson, 2012) . Substantive threats, however, involve navigating a constellation of morals and ideas about how the world should be, having less to do with an individual's pragmatic interests as with their values (Kalberg, 1980) . The substantive threat of wolves and grizzly bears must be thought of in terms of competing values-not the danger of the animals themselves, but what they represent. Regarded as a substantive threat, neither wolves nor grizzly bears would be expected to be viewed more favorably just because LGDs remove some of the practical threats associated with each. Indeed, the economic cost of wolf depredation to the livestock industry as a whole is marginal (Muhly and Musiani, 2009) , and our respondents reported that losses to wolves and grizzly bears were uncommon. Yet negative attitudes towards wolves and grizzly bears were frequently observed. Thus, while non-lethal management tools like LGDs can be extremely useful in addressing practical threats to the livestock industry, addressing the substantive threat carnivores represent for pastoralists may require a different set of tools. It is also possible that with the use of LGDs in the US only dating back a couple decades, there has not been enough time to document the effect of LGDs on addressing the substantive threat of large carnivores. Perhaps over a longer time period a reduction in the practical threats of carnivores will change perception of the substantive threat.
While our small sample prohibited a more nuanced look at these data and limited the inference, this study is the largest on the relationship between use of LGDs and attitudes toward large carnivores to date. Despite being the largest study of its kind, the non-response rate for our survey-particularly among Spanish speakers-could have biased our results, and we urge the reader to interpret our results in the context of possible methodological limitations. We believe our results, at least within the English survey responses, are likely to be representative of the ranching community because past surveys have shown that nonresponse bias is not an issue when survey populations are fairly homogenous (Becker and Iliff, 1983; Brown et al., 1989; Connelly et al., 2003; Kreuter, 2013; Gigliotti and Fopma, 2019) . Further, the majority of survey questions showed considerable dispersion around the mean considering we used a 5-point Likert Scale for most questions (see standard deviations in Tables 1-3), indicating that the survey captured a variety of attitudes and perspectives amongst respondents. Future work may seek to compare nonresponse data more directly and establish causality or directionality between attitudes towards non-lethal management tools and attitudes for contentious carnivores. In addition, future work should seek to further disentangle the substantive and practical threats of large carnivores to pastoralists, in hopes of improving coexistence on shared landscapes. Regardless, the evidence we present here does not seem to support the hypothesis that using
LGDs, nor beliefs in their efficacy and usefulness, tempers attitudes towards wolves or grizzly bears.
Conclusions
We present evidence that LGD use in the US does not seem to have resulted in more positive attitudes about wolves or grizzly bears amongst pastoralists. These results suggest that pastoralists' attitudes about large carnivores are dictated by more than just the practical and economic threats they pose to the ranching industry. While a small sample prohibits a more nuanced look at these data and limits inference, this study is the largest of LGDs' relationship with attitudes towards large carnivores to date. Future work may seek to further disentangle the substantive and practical threats of large carnivores to pastoralists, in hopes of improving coexistence on shared landscapes.
Data availability
The datasets collected and analyzed during the current study are available in the Dataverse repository: https://doi.org/10.7910/ DVN/X8NZDE.
